ABSTRACT
Introduction
Most cattle are transported at least once in their lifetime (e.g. from source to sale or slaughter) and may be exposed to environmental stressors that can compromise both welfare and productivity during transport. The welfare of livestock during road transport has received much attention, with research largely aimed at reducing mortality, bruising, and occurrences of low quality meat (e.g. Grigor et al., 2001; Knowles, 1999; Le Neindre et al., 2001; Tarrant, 1990; Trunkfield and Broom, 1990) . Increased public scrutiny relating to welfare of animals during transport has prompted research addressing environmental conditions during transport, including length of time in transit (Warriss et al., 1995) , stocking rate (Eldridge et al., 1988) , driving pattern (Eldridge et al., 1988) and stability (Tarrant, 1990) , as well as variability in responses to transport of different types of animals, e.g. presence of horns (Wythes, 1985) and age of animal (Barnes et al., 1975) .
Although a great deal of research has investigated methods of improving animal welfare during road transport, there is still a need for development of welfare assessment methods that can be used to monitor animal welfare under industry situations. Development of reliable welfare assessment methods will allow improved animal management and industry regulation of welfare. Physical changes in an animal, such as injury and mortality, are generally acknowledged to be major indicators of poor welfare. However, for some stakeholders, good welfare implies much more than good health and low risk of mortality, and good animal welfare results both from an absence of negative experiences as well as the presence of positive affective states (Kendrick, 2007; Mellor, 2012; Yeates and Main, 2008) . Physiological responses are widely regarded by the scientific community as reliable measures of homeostatic response to stress and therefore indicators of animal welfare (Dawkins, 2003) . However, physiological measures are often expensive and need to be carried out under carefully-controlled conditions by experienced animal handlers and practitioners. Assessing welfare via physiological responses is therefore difficult to implement under normal industry conditions, can be highly invasive and the process of measurement, itself, may influence the outcome. Finally, the link between physiological changes in normal everyday functioning also needs to be accounted for if these measures are to be used as indicators of animal welfare. For example, anticipation of food and exercise result in increased respiratory rate, corticosteroids and heart rate (e.g. Honma et al., 1983; Sutton and Casey, 1975; Thomas and Pearson, 1986) . Also, many parameters also vary with time of day, temperature and breeding condition (e.g. Piccione and Caola, 2002) .
The behaviour of animals may be important to enable valid interpretation of animal welfare. In the present study, assessment of animal behavioural expression is examined to test its validity as a potential welfare assessment method. Qualitative Behavioural Assessment (QBA) is a method that integrates observations of the whole animal, and is potentially a cheap and flexible method of welfare assessment. Previous studies in cattle have revealed differences in behavioural expression between dairy cattle under various housing conditions (Rousing and Wemelsfelder, 2006) , and have investigated the correlation of QBA measures with clinical assessments of veal calves (Brscic et al., 2009) . A study of cattle during transport indicated that there were significant differences in the behavioural expression of animals when they were naïve to, or habituated to, road transport (Stockman et al., 2011) .
As part of the process of validation of QBA as an objective, reliable and repeatable method of animal welfare assessment, we compared QBA for cattle that exhibited a range of behaviour and compared these measures with physiological parameters. Road transport was selected as the model because it is a well known stressor for livestock (Kent and Ewbank, 1983; Hirose, 1990, 1991; Tarrant et al., 1992) , and the environment can be manipulated and is therefore to some degree controllable experimentally. The physical environment was manipulated through altered flooring structure (Experiment 1) and different driving styles (Experiment 2). The aims of these experiments were to:
1. determine whether observers could reach consensus in their assessment of the behavioural expression of cattle; 2. determine whether observers could distinguish between experimental treatment groups based on the animals' behavioural expression; and 3. determine how QBA scores correlate with physiological measures that are indicative of the animals' physiological and affective states.
Materials and methods

2.1 Animals and transportation
Fourteen Angus steers (12 months of age; 347 ± 11 kg) were selected randomly from a herd that had the same sire. During the study, cattle were housed in a single paddock and group fed with a feedlot ration at 3% live weight/head/day (Easy Beef, Milne Agrigroup, Welshpool, Western Australia, 14.5% crude protein and 11.0 MJ/kg metabolisable energy). The same cattle had been used for a previous study examining their behaviour when they were first transported (transport-naïve) or habituated to road transport (Stockman et al., 2011) .
Cattle were transported by the same driver, in a car-drawn, double-axel trailer with a stock cage (3.66 × 2.05 m). Stocking rate on the trailer was within industry recommendations (1.07 m 2 /head) (Standing Committee on Agricultural and Resource Management, 2002) . Due to logistical constraints, cattle were transported in two groups of seven (transport groups 1 and 2), with the same individuals making up each group on successive days. All transport events were 90 min in length.
Environmental temperature (°C) and relative humidity (%) were recorded (every 2 s) during transport (Onset HOBO H8 Pros, #H08-032-IS, OneTemp Pty Ltd, Parramatta, NSW, Australia) to ensure that environmental temperature on each experimental transport event was not significantly different. Each logger was positioned at cattle head height, with one at the front and one at the rear of the trailer. These data were used to dismiss transport events where the temperature varied by more than 5 °C from the mean; no further analyses were carried out.
The two challenges applied in this study, which comprise two distinct experiments in regard to analyses and interpretation, were exposure to altered flooring structure (Experiment 1), and exposure to different driving styles (Experiment 2) during road transport. In Experiment 1, a non-grip flooring (NG) transport event was compared with a grip-flooring (G) event. In Experiment 2, we compared a stop-start driving (SS) transport with a continuous driving (C) event. For video footage for QBA, core temperature (T core ) and heart rate (HR) data, we used data recorded within the first 30 min after departure (Experiment 1) or within the final 30 min (Experiment 2), as we predicted greatest effects of the experimental treatments at the commencement and end stages of the transport events, respectively.
The trailer had a solid roof and the walls were constructed from metal slats, allowing plentiful ventilation. The floor was cleaned following each transport event. The trailer had a metal-grate placed over the entire floor area for additional foot stability. The grate consisted of a grid of horizontal and vertical 10-mm steel rods, spaced 100 mm apart, placed directly upon the floor (and therefore was raised a maximum of 20 mm from the steel plate of the floor). The grate was in place for all transport events except the 'non-grip' (NG) event. For Experiment 1, the NG transport event was compared with a transport event with the floor grate in place ('grip', G).
For Experiment 2, we manipulated driving style, comparing smooth, continuous (C) driving with SS driving. Except for the C and SS transport events, the route included approximately 65 km of main roads (where the speed limit was between 50 and 70 km/h) and highways (speed limit between 70 and 100 km/h). For Experiment 2, the C driving route followed freeways and country roads with minimal stops and an average speed of 85 km/h. This was compared with the SS driving event, where the route followed suburban streets with frequents stops at intersections and frequent turns; speed averaged 40 km/h.
The experimental period spanned 28 days (cattle were not transported every day; e.g. we did not transport them during wet weather) ( Table 1) . During this period, each group was initially transported eight times to habituate the cattle to the transport process. For experimental transport events, groups 1 and 2 were transported on different days but at the same time of day. Note that the G and NG transport events (Experiment 1), and the C and SS events (Experiment 1) (preceded by a further habituation event), occurred on consecutive days for each transport group (Table 1) .
Physiology
We carried out measurements of physiological variables which have been used by various authors (reviewed by Knowles, 1999) as indicators of altered physiological state during transport, including body temperature, heart rate, metabolites, hormones, haematological and immune responses. For example, transport-naïve cattle demonstrate increased core temperature, increased concentrations of cortisol and glucose, and increased neutrophil: lymphocyte ratio compared to samples taken from the animals once habituated to transport (Stockman et al., 2011) . Similarly, transport-naïve sheep demonstrate increased core temperature, heart rate, plasma cortisol, white blood cell count and neutrophil: lymphocyte ratio compared with when they have become habituated to the process (Wickham et al., 2012) . Many of these measures link with activation of the hypothalamic-pituitary-adrenal axis and an immune system response due to stress. Even if physiological measures did not show significant transport treatment effects (i.e. individual variability may exceed the differences between treatment groups), individual differences in physiological responses may still be correlated with the behavioural expression scores.
Core temperature
Temperature loggers (iButtons, Maxim Integrated Products, Sunnyvale, CA, USA; accuracy ± 0.1 °C) were surgically implanted into the peritoneal cavity in the region of the right paralumbar fossa of each animal, as described in Beatty et al. (2006) . The surgery took place 16 days before the first transport event, allowing time for recovery. Retrieval of the loggers took place at slaughter, following completion of the experiment; retrieval was unsuccessful for two individuals (therefore n = 12 for temperature data for both experiments). The loggers were set to record core body temperature (T core ) every 2 min for the duration of the experiment and average and maximum T core values were retrieved for the first 30 min after departure for Experiment 1 and the last 30 min for Experiment 2 ('during' transport values). These were compared with average and maximum T core for the same time of day averaged over three non-transport, non-handling days (weekends when these animals were in their home paddock; Table 1 ).
Blood sampling and analysis
Blood was collected by the same person for each experimental transport event (Table 1) using jugular venipuncture. As the collection of blood had the potential to influence cattle behaviour, blood was not collected during transport but rather 'before' and 'after' the transport event. Cattle were moved from their home paddock to a holding yard adjoining the crush and loading ramp and left to settle for 1 h. During this time, feed was withdrawn but water was available ad libitum. They were then passed through a crush allowing the 'before' transport blood sample to be taken and heart rate belts to be fitted (see below). The animals were held in an adjacent holding yard until the whole group had been sampled (approximately 15 min); cattle were then loaded as a group onto the trailer (without the use of electric prods) for immediate departure. 'After' transport blood samples were collected once cattle were unloaded, immediately following the experimental transport event (approximately 15 min to sample the group). 
H: Habituation days, NT: non-transport handling days. Cattle were blood sampled immediately before and after the experimental transport events [shown in bold: grip flooring (G), non-grip flooring (NG), continuous driving (C) and stop-start driving (SS)], heart rate data and video footage were collected during these transport events. 1 and 2 refer to the two transport groups.
H 1 & 2 indicates that both groups were transported on the same day; groups 1 and 2 were alternated between mornings (am) and afternoons (pm).
Whole blood was collected in EDTA tubes, immediately placed on ice and then refrigerated and used for analysis of complete haematological profile within 24 h of collection. Haematological variables analysed using the Bayer Advia 120 Hematology System (with veterinary software; Siemens Healthcare Diagnostics Inc., Tarrytown, New York, USA) were white blood cell count (WBC), red blood cell count (RBC), haematocrit (HCT), and the proportions of neutrophils (%), lymphotcytes (%), eosinophils (%), basophils (%) and monocytes (%). The proportion of neutrophils: lymphocytes was calculated for analysis since values for these cell types were auto correlated and the neutrophil: lymphocyte ratio is a common measure of ruminant stress (Jones and Allison, 2007) .
A second blood sample was taken in EDTA tubes (also immediately placed on ice) and, within 15 min of collection from the last animal, was centrifuged for 15 min at 604 g and the plasma removed and frozen before batch analysis for cortisol, insulin-like growth factor (IGF-1), prolactin, β-hydroxy-butyrate and glucose. Plasma insulin were measured in duplicate by a double-antibody radioimmunoassay (Tindal et al., 1978) . Plasma IGF-I was assayed in duplicate by double-antibody radioimmunoassay with human recombinant IGF-I (ARM4050, Amersham-Pharmacia Biotech, Buckinghamshire, England) and antihuman IGF-I antiserum (AFP4892898, National Hormone and Pituitary Program of the National Institute of Diabetes and Digestive and Kidney Diseases, California, USA) following acid-ethanol extraction and cryoprecipitation (Breier et al., 1991) . Plasma cortisol concentration was determined using a commercial radioimmunoassay kit (Clinical Assays TM , GammaCoat TM , Cortisol 125I RIA Kit, DiaSorin, USA). All samples were processed in a single assay and the limit of detection was insulin, 0.5 µU/mL; IGF-1, 0.05 ng/mL; and cortisol, 3.5 nmol/L. The assay included six replicates of three control samples containing insulin: 10.62, 3.89 and 2.49 µU/mL (intra-assay coefficients of variation, CV: 3.9%, 1.9% and 5.4%.), or two control samples for IGF-I containing 0.39 and 2.14 ng/mL (intra-assay CV: 7.3% and 2.3%), and cortisol: 46.1 and 85.65 nmol/L (intra-assay CV: 5.0% and 2.1%). Plasma ACTH concentration was measured using a solid-phase two-site chemiluminescent enzyme immunometric assay (Scott-Moncrieff et al., 2003) . The limit of detection was 5 pg/mL and a working range of 12-1250 pg/mL. Plasma glucose (Olympus kit, Cat. No. OSR6121, Europa GmBH, Hamburg, Germany) and plasma beta-hydroxy-butyrate (Randox kit, Ranbut, Cat. No. RB1007, Crumlin, County Antrim, United Kingdom) concentrations were determined using a commercial kit run on an Olympus AU400 automated chemistry analyser (Olympus Optical Co. Ltd., Olympus, Hamburg, Germany).
Heart rate
Heart rate (HR, beats per min) was recorded (every 5 s) during the experimental transport events with external heart rate monitors (Polar Equine S625X, Polar Electro Oy, Adelaide, South Australia). Custommade elastic belts were used to fix electrodes in place, depending on the animal's size. Heart rate monitors were fitted immediately after the 'before' transport blood sampling and were removed following the 'after' transport blood sampling. Cattle were also fitted with the heart rate belts for habituation transport events to ensure habituation to the fitting and wearing of the belts. HR data were averaged for the first 30 min after departure during the G and NG transport treatment ('during' transport) and were compared for HR data collected 5-10 min before the animals were loaded ('before' transport). HR data were not reliably obtained from any animals during the C and SS treatments.
Statistical analysis
The physiological data did not violate the assumptions of parametric analyses (Levene's test and Shapiro-Wilk's W test). Physiological data were analysed by two-way repeated-measures ANOVA (R-M ANOVA; Statistica 9.0, StatSoft, Tulsa, Oklahoma, USA) for each experiment separately, with time (see below) and treatment (Experiment 1: NG vs. G flooring, or Experiment 2: SS vs. C driving) as the repeated dependent measures, and transport group (transport groups 1 or 2) included as a random factor. For hormones, metabolites and haematological parameters, measures taken 'before' transport were compared with those collected 'after' transport (effect: 'time'). For T core , 'during' transport values were compared with values at the same time of day over non-transport, non-handling days (effect: 'time'). Due to lost contact and interference of heart rate monitors, reliable data were obtained for NG: n = 4 and G: n = 4 and repeated-measures analysis was not possible; these data were analysed by one-way ANOVA.
Qualitative Behavioural Assessment (QBA)
Video clip selection
Video footage (15 frames per s) was recorded during transport of cattle with four digital cameras (Panasonic SDR-H250 camcorders, Belrose, New South Wales (NSW), Australia) fixed to the front and back of the trailer, above cattle head height. The first available suitable clip was selected for each individual to represent its behavior within the first 30 min after departure for Experiment 1 (G-NG flooring) and within the final 30 min for Experiment 2 (C-SS driving style), as we predicted greatest effects of the experimental treatments at the commencement and end stages of the transport events, respectively. Clip suitability was determined by clip duration (15 to 30 s long), and the visibility of the animal (head and shoulders visible). The cattle often held their heads down during transport and therefore, for most animals, there was only one suitable clip of adequate length and quality available. Individuals were identified using numbers printed on the outside of the heart rate belts. The 28 clips for Experiment 1 and the 28 clips for Experiment 2 (14 clips -one for each of the 14 individuals for each of NG, G, SS and C transport events) were edited to highlight individual focal cattle by increasing the opacity of the surrounding animals in the same frame (Adobe Premiere Pro CS3 and Adobe After Effects CS3, San Jose, California, USA).
QBA sessions
Staff and students from two Western Australian Universities (Murdoch University and University of Western Australia) and livestock professionals (e.g. Department of Agriculture & Food, Western Australia) were recruited by targeted advertising on notice boards and email and accepting all 39 persons that responded (n = 15 university students, n = 17 livestock industry professionals and n = 7 general public; 12 male and 27 female). Importantly, a recent study has demonstrated that despite different backgrounds and experience, people can reach consensus in their assessments using QBA . Each observer was required to attend three sessions on campus or by correspondence. Observers were given detailed instructions on completing the sessions but were not told about the experimental treatments or that the cattle were being transported. The observers could not see the floor of the trailer in the field of view, and the vehicle was moving in all clips. The sessions are detailed below (Sections 2.3.2.1 and 2.3.2.2) and follow methodology of previous QBA studies (e.g. Rousing and Wemelsfelder, 2006; ). This methodology has been found to be both reliable and repeatable ).
Term generation (session 1).
Observers were shown 15 video clips of individual experimental cattle demonstrating a wide range of behaviour to allow observers to describe as many aspects of their expressive repertoire as possible. These clips included some of the experimental footage but also additional footage of these animals that was not included in the quantification sessions; below. After watching each clip, observers were given 2 min to write down any words that they thought described that animal's behavioural expression. There was no limit imposed to the number of descriptive terms an observer could generate, but terms needed to describe not what the animal was doing (i.e. physical descriptions of the animal such as vocalising, chewing, tail flicking), but how the animal was doing it. Subsequent editing of the descriptive terms by the experimenters was carried out to remove terms that described actions, and terms that were in the negative form were transformed to the positive for ease of scoring (e.g. 'unhappy' became 'happy'). Each descriptive term was attached to a 100-mm visual analogue scale (minimum = 0 mm to maximum = 100 mm). The lists of terms were alphabetically arranged and terms with similar meaning were not listed one after the other e.g. frightened, scared. This was to encourage the observer to score terms on their own merit rather than purposefully replicating scores for words of similar meaning.
Quantification (sessions 2 and 3).
Observers viewed and scored the experimental video clips using their own unique list of descriptive terms. In session 2, observers viewed 28 clips for Experiment 1 (G-NG flooring) and in session 3, observers viewed 28 clips for Experiment 2 (CSS driving style). Before session 2, observers were given detailed instructions on how to score each animal's expression using the visual analogue scale: they were told to think of the distance between the zero-point and their mark on the scale as reflecting the intensity of the animal's expression.
Statistical analysis.
The visual analogue scales were scored as the distance from the start (0 mm representing minimum values for that term) to where the observer had made a mark (measured in mm, up to a maximum of 100 mm) against each descriptive term. These measurements were entered into separate Microsoft Excel (Microsoft Excel 2003, Redmond, Washington, USA) worksheets for each individual observer. Data for the G-NG clips viewed in session 2 (Experiment 1) were analysed by Generalised Procrustes Analysis (GPA) independently from the C-SS clips viewed in session 3 (Experiment 2).
GPA was carried out with Genstat as part of a specialized software edition written for Françoise Wemelsfelder (Genstat 2008, VSN International, Hemel Hempstead, Hertfordshire, UK; Wemelsfelder et al., 2000) . See Wemelsfelder et al. (2000) for a detailed description of (GPA) procedures. Briefly summarised, GPA calculates a consensus or 'best fit' profile between observer assessments through complex pattern matching. The number of dimensions of the consensus profile is then reduced to several main dimensions (usually two or three) explaining the variation between animals through Principle Components Analysis (PCA). The meaning of each GPA dimension is interpreted by analysis of the correlations between the consensus scores and each individual observers' terms. Terms attributed correlation coefficients close to zero did not contribute to the description of the consensus dimension, but terms that are strongly positively or negatively correlated with the axis are descriptive terms that would have contributed to mathematical calculation of the consensus dimension. These terms are then tabulated.
Validity of the QBA consensus.
A Procrustes Statistic can be calculated which indicates the degree of consensus (i.e. the percentage of variation explained between observers) that was achieved.
Whether this consensus is a significant feature of the data set, or, alternatively, an artefact of the Procrustean calculation procedures, is determined through a randomisation test (Dijksterhuis and Heiser, 1995) . This procedure rearranges at random each observer's scores and produces new permutated data matrices. By applying GPA to these permutated matrices, a 'randomised' profile is calculated. This procedure is repeated 100 times, providing a distribution of the Procrustes Statistic indicating how likely it is to find an observer consensus based on chance alone. Subsequently a one-way t-test is used to determine whether the actual observer consensus profile falls significantly outside the distribution of randomised profiles. . The physiological response was expressed as the change in each parameter due to transport to obtain a single measure for comparison with the GPA scores. For hormones, metabolites and haematological parameters, the change due to transport was calculated as a proportion of 'after' transport to 'before' transport values. The change in T core due to transport was calculated using 'during' transport values [mean of first 30 min after departure for Experiment 1 (G-NG flooring) and mean of the final 30 min for Experiment 2 (C-SS driving style)] as a proportion of the means of eight nontransport, non-handling days at the same time of day for the same individual. The change in HR due to transport was calculated for individual animals as mean values 'during' transport as a proportion of 'before' transport values.
Results
The 39 observers participating in this study generated a total of 180 unique terms to describe the cattle they were shown, with an average of 17 ± 7 (range 9-47) terms per observer. Fig. 1 shows an example of one observer's terms graphed against GPA dimension 1 and 2 for the flooring treatment Experiment 1 (Fig. 1a) and the driving style Experiment 2 (Fig. 1b) . Terms with the strongest correlation with each of the GPA dimensions are shown in Table 2 . The important differences in physiology (Tables 3 and 4) were those that demonstrated a significant Treatment × Time interaction, which would reflect that the experimental treatments resulted in differing physiology. These are discussed below in respect to each experiment.
Experiment 1: grip vs. non-grip flooring
Physiology
A summary of the raw values, results of R-M ANOVA and correlation with GPA dimension scores is given in Table 3 .
A significant treatment × time interaction was found for prolactin, with a substantial decrease over time in prolactin concentration for cattle exposed to NG flooring. There was also a treatment × time interaction for white blood cell count and neutrophil numbers, where the elevation over time due to transport was less pronounced for NG than for the G treatment.
Being transported (i.e. a significant time effect: before transport vs. after transport) resulted in a decrease in monocyte count, β-hydroxy butyrate and prolactin concentrations, as well as an increase in WBC, neutrophil count, neutrophil: lymphocyte ratio and Tcore.
Qualitative Behavioural Assessment
The Procrustes Statistic generated from the GPA analysis of the G-NG treatments was 44.7% and this differed significantly (t 99 = 61.3, P < 0.001) from the mean randomised profile (32.3 ± 0.2%), indicating significant consensus between observers in their use of descriptive terms to quantify the behavioural expression of these cattle. Three main GPA dimensions were identified, explaining a total of 63.7% of the variation between animals ( Table 2) .
Terms with the strongest correlation with each of the GPA dimensions are shown in Table 2 . For GPA dimension 1, low values were associated with terms such as 'calm', 'comfortable' and 'relaxed' and high values with terms such as 'agitated', 'restless' and 'anxious'. For GPA dimension 2, low values were associated with terms such as 'curious', 'interested' and 'alert', and high values with terms such as 'angry', 'nervous' and 'upset'. For GPA dimension 3, low values were associated with terms such as 'nervous', 'bored' and 'worried' and high values with terms such as 'annoyed', 'stressed' and 'distressed'.
The positions of individual cattle on the first two GPA dimensions are shown in Fig. 2a . Cattle on NG flooring had a significantly greater GPA score on dimension 1 (F 1 , 13 = 15.09, P < 0.001) than cattle on G flooring; however there were no treatment effects on GPA dimensions 2 (F 1,13 = 0.261, P = 0.619) and 3 (F 1,13 = 0.163, P = 0.694).
Correlation of physiology to behavioural expression
WBC (R = -0.403) and neutrophil count (R = -0.520) were negatively correlated with GPA dimension 1, while neutrophil: lymphocyte ratio was positively correlated (R = 0.517) with GPA dimension 1. Therefore WBC and neutrophil count were lower while neutrophil: lymphocyte ratio was higher in cattle assessed as more 'agitated', 'restless' and 'anxious' (but less 'calm', 'comfortable' and 'relaxed'). (8), scared (7), anxious (7), worried (6), nervous (6), stressed (5), alarmed (5), tense (5), alert (5), distressed (4), frightened (4), fearful (4), angry (2), unsure (2), twitchy (2), bothered (2), confused (2), flighty (2), trapped (2), confined (2), upset (2), seeking companions, boxed in, excitable, at ease, toey, wants to escape, unnerved, cramped, inquisitive, swamped, cornered, interested F1,13 = 12.63, P < 0.01 -Cattle exposed to stop-start driving scored higher than cattle exposed to continuous driving 2 (16.0%) r < −0.5: Curious (8), interested (8), inquisitive (7), alert (4), calm (3), anxious (3), observant (2), relaxed (2), confident (2), comfortable (2), at ease (2) Only terms that showed a strong negative or positive correlation (Pearson's correlation coefficient, r) with each dimension of the Generalised Procrustes Analysis (GPA) consensus profile are shown. Order of terms is determined firstly by number of observers to use that term (in parentheses where >1) and secondly by weighting (correlation, r) of each term with the GPA consensus dimensions.
We have not edited out terms that may appear on multiple lists because this would introduce subjectivity (as to which list to remove the term from), but the reader should be mindful that each individual observer had a unique list of terms and therefore how they scored the same term may to some degree be influenced by the remaining terms in their repertoire Correlations between physiological parameters (measured before and after each transport event) and the results of Qualitative Behavioural Analyses (Generalised Procrustes Analysis scores for each of the three main consensus dimensions) are indicated in the right-hand columns.
For raw values with significant treatment × time interactions, different letters indicate significant differences (at P = 0.05).
Significant effects are indicated in bold (*P < 0.05, **P < 0.01) for correlations with blood parameters (R26), body temperature (R24) and heart rate (R8). Correlations between physiological parameters (measured before and after each transport event) and the results of Qualitative Behavioural Analyses (Generalised Procrustes Analysis scores for each of the three main consensus dimensions) are indicated in the right-hand columns.
#
Significant effects are indicated in bold (*P < 0.05, **P < 0.01) for correlations with blood parameters (R26), body temperature (R24).
Indicates body temperature and heart rate measures were taken during transport.
Experiment 2: continuous vs. stop-start driving style
Physiology
A summary of the raw values, results of R-M ANOVA and correlation with GPA dimension scores is given in Table 4 .
A significant treatment × time interaction was found for mean and maximum T core , with an elevation over time which were greater during SS driving compared with the same animals exposed to C driving. Being transported (i.e. a significant time effect: before transport vs. after transport) resulted in a decrease in monocyte count, and β-hydroxy butyrate concentration, as well as an increase in WBC, neutrophil count, neutrophil: lymphocyte ratio and Tcore (note that, with the exception of prolactin, which decreased in response to NG transport, the same responses were observed for Experiment 1).
Qualitative Behavioural Assessment
The Procrustes Statistic generated for GPA analysis of the C-SS treatments (39.4%) differed significantly (t 99 = 43.95, P < 0.001) from a mean randomised profile (32.1 ± 0.2%). Three main GPA dimensions were identified, explaining a total of 58.2% of the variation between animals ( Table 2) .
Terms with the strongest correlation with each of the GPA dimensions are shown in Table 2 . For GPA dimension 1, low values were associated with terms such as 'calm', 'relaxed' and 'comfortable' and high values with terms such as 'restless', 'agitated' and 'scared'. For GPA dimension 2, low values were associated with terms such as 'curious', 'interested' and 'inquisitive' and high values with terms such as 'stressed', 'tense' and 'alert'. For GPA dimension 3, low values were associated with terms such as 'calm', 'bored' and 'intrigued' and high values with terms such as 'stressed', 'agitated' and 'afraid'.
The positions of individual cattle on the first two GPA dimensions are shown in Fig. 2b . Cattle exposed to SS driving scored significantly greater values on GPA dimension 1 (F 1,13 = 12.63, P < 0.001) and smaller values on GPA dimension 2 (F 1,13 = 5.01, P < 0.05) than cattle exposed to C driving; however, there were no treatment effects on GPA dimension 3 (F 1,13 = 2.91, P = 0.11). 
Correlation of physiology to behavioural expression
Neutrophil count (R = -0.429) was negatively correlated with GPA dimension 2 and were therefore lower for cattle also described as more 'stressed', 'tense' and 'alert' (less 'curious', 'interested' and 'inquisitive') . Plasma cortisol concentrations were positively correlated (R = 0.409) with GPA dimension 3 and were therefore greater for cattle assessed as more 'stressed', 'agitated' and 'afraid' (or less 'calm', 'bored' and 'intrigued').
Discussion
There was consensus between observers in regard to their assessments of behavioural expression of the cattle in the flooring treatment (G-NG flooring; Experiment 1) and the driving style (C-SS driving; Experiment 2) experiments, with the GPA consensus profile explaining just under half the variation in scores between the observers. Other studies have similarly found consensus between observers indicating that people see common dimensions of animal behavioural expression. This has been demonstrated for on-farm qualitative assessments of veal calves following milk distribution (Brscic et al., 2009) , dairy cows in a loose housing system (Rousing and Wemelsfelder, 2006) and beef cattle during road transport (Stockman et al., 2011) , as well as for other species [pigs (Rutherford et al., 2012; Temple et al., 2011; Wemelsfelder et al., 2000 Wemelsfelder et al., , 2009 , horses (Minero et al., 2009; Napolitano et al., 2008) , sheep (Wickham et al., 2012) , poultry (Wemelsfelder, 2007) and dogs (Walker et al., 2010) ]. The consensus between observers is an important aspect of QBA, as it indicates that the descriptive terms chosen by each observer gave a coherent basis for scoring the behavioural expressions of animals and the observers based their assessment on commonly-perceived and systematically-applied criteria.
There were some significant differences in observer scores between treatments. For Experiment 1, cattle exposed to NG flooring were scored as more 'agitated', 'restless' and 'anxious' compared with cattle that had G flooring (more 'calm', 'comfortable' and 'relaxed' on GNG GPA dimension 1). These data suggest that the ability of cattle to balance during road transport influences the behavioural expression of cattle. These results support previous studies that have recorded altered animal behavior depending on how a vehicle is driven: acceleration, braking, cornering and vibrations affect the movement of the vehicle and in turn the ability of the animals onboard to maintain their balance and posture (e.g. Eldridge et al., 1988; Tarrant and Grandin, 2000; Tarrant et al., 1992) . For example, sheep experience fewer losses of balance, increased lying behaviour, more rumination and fewer disturbances when travelling on a motorway journey compared with single carriageway driving, most likely due to less acceleration, braking and cornering on a motorway (Cockram et al., 2004) .
For Experiment 2, the cattle were scored as more 'restless', 'agitated' and 'scared' (C-SS GPA dimension 1) or 'curious', 'interested' and 'inquisitive' (C-SS GPA dimension 2) when they were filmed during SS driving. By contrast, when they were filmed during the C driving event, cattle were described as more 'calm', 'relaxed' and 'comfortable' (C-SS GPA dimension 1), or more 'stressed', 'tense' and 'alert' (C-SS GPA dimension 2). Although the result for GPA dimension 2 may seem counterintuitive, GPA dimension 2 had less power of explanation for the variation between animals (16%). It is interesting that 'alert' appeared on both the low value and high value side for dimension 2. Some observers applied this term to cattle that were also described as highly curious and interested in their surroundings whilst others used it to describe cattle that were also scored highly for the terms stressed and tense. This suggests that the term 'alert' is not helpful in deciding the overall welfare status of cattle because its meaning is quite ambiguous and does not clearly indicate a positive or negative welfare state.
We recorded physiological changes in our cattle which suggested that they experienced varying degrees of stress in response to the transport treatments. For both experiments, transport resulted in a decrease in monocyte count and β-hydroxy butyrate concentration, as well as an increase in white blood cell count, neutrophil count and neutrophil: lymphocyte ratio. Changes in circulating white blood cell values in response to road transport has also been found in cattle in previous studies, as indicated by an increase in WBC and neutrophils and a decrease in the number of lymphocytes, eosinophils and monocytes (Kent and Ewbank, 1983; Schaefer et al., 1997; Tarrant et al., 1992) . The response of prolactin was not predicted, given past studies that have found an increase in prolactin concentration in response to stress (Johke, 1970; Raud et al., 1971) ; however, it has not been studied in cattle in the context of transport. In the present study, mean and maximum T core increased in cattle in response to transport. An increase in T core above the normal range may reflect greater muscular exertion to maintain and regain balance during braking, gear changes and cornering during stop-start driving, since animals standing on four legs have difficulty in dealing with disturbances such as those caused by swinging around corners or sudden braking (Broom, 2007) . They do not lean on other individuals and are significantly disturbed by too much movement (Broom, 2007) .
Not all physiological variables measured demonstrated significant treatment effects. For example, we did not record significant treatment effects on cortisol in either study, this may reflect sampling times (before and after 90 min transport, which may miss a potential acute peak in cortisol concentration during transport) (see also Wickham et al., 2012) . While there are no treatment effects in these physiological measures, individual differences may still reveal important individual responses that were correlated with behavioural expression.
Importantly, aspects of the behavioural expression of cattle were statistically significantly correlated with physiological changes in meaningful ways. For example, WBC and neutrophil counts were depressed while the neutrophil: lymphocyte ratio was elevated for cattle described as more 'agitated', 'restless', and 'anxious' (G-NG GPA dimension 1) and neutrophil count was similarly correlated with C-SS GPA dimension 2 (being higher for animals also scored as more 'stressed', 'tense' and 'alert'). Plasma cortisol concentrations were greater in cattle also assessed as more 'stressed', 'agitated' and 'afraid' (C-SS GPA dimension 3). These results suggest that the QBA process detected behavioural manifestations of stress in cattle during transport. The strength of these correlations may have been improved with a greater sample size, which was limited due to space on the trailer as well as problems with unreliable equipment (heart rate monitors).
In summary, QBA appears to be a valid, repeatable method of assessing cattle welfare during land transport. Firstly, we have demonstrated that observers reach consensus in how they score the behavioural expression of cattle, using terms that are semantically consistent. Secondly, the method allows discrimination between treatment groups, even when observers are not made aware of these treatment groups, indicating that subtle differences in behavioural expression could be detected. Finally, the behavioural expression scores are meaningfully correlated with various physiological parameters, providing further support for the biological validity of QBA, and for the relevance of QBA to animal welfare assessment.
QBA allows whole-animal assessment in an integrative sense. It takes into account how an animal interacts with its environment. This is an important consideration in applying the technique across different industry situations. The extension of the present study to commercial conditions is likely to require the establishment of fixed lists of terms appropriate for each context, as has been done by assessors applying QBA to assess cattle under various on-farm conditions in Europe (e.g. Brscic et al., 2009) . In Australia, it is recommended by industry that 'livestock handlers should have experience in animal handling to ensure welfare of cattle in their charge' (Standing Committee on Agricultural and Resource Management, 2002) . This experience recognises the handlers' ability to undertake assessment of behavioural expressions of animals in much the same manner as we have quantified in the present study. Training assessors in the QBA method could therefore formalise and encourage stockmanship skills for both road transport and other livestock industries. In conclusion, QBA may be useful as an aid to interpretation of more detailed welfare measures, or to highlight situations that require more intensive welfare assessment, particularly in animal production scenarios where more invasive welfare assessments are difficult to implement.
